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THE      OSMOTI C     PPESSUHE      OF     MAJL'IIl'E      SOLUTIONS 
BETWEEN      TEN      AND      FOl.TY      DEC}R£i:s. 

INTRODUCTION. 

Van't    Hoff    In  his   paper   "The    Role    of  Osmotic   Pressure    In  the    Analogy 
Between  Solutions   and   Gases"    first    deduced  thermcdynami  cally   the    rela- 
tions   between  the    lower:ng  of   vapor-pressure    and  the    lowering  of  the 

freezing  point    by    dIsGolvL-d   substc^nces  a.nd  the    osir.otic   prassure    of   these 

1 
solut lens. 

2 

Nernst    In   his   book   "Theoretical    Chemistry"    deduces  the    following: 

Let    us   take   a   cylinder  containing   a    solution  and   the    pure    solvent 
which  are    separated    from  each   other  by   a   sen:l-p«rmeable    partition 
(allowing   frae    p^ssa^e   to    the    w-^ter  but    not   to   the    dissclvod   aubstance) 
in  the    foro:  cf   a   piston.         As  the    piston   is    raised   or  lowered  Witer  will 
3nter  or  leave  the-    soiutlci'i  xh:;reby    ciusin^  a   dilution  or   conc^^nt  rat  ion 
of   the    solution.        But    if  we    Imagine   the    piston   roa.ovr/d  the    solute   will 
diffuse    up    :ntc    the   pure    solvent,    therefore    it    naces airily    follows  th-t 
an  upward   i^^ressure   will   be   exertad   on  the    p-.ston   ind  the   greit^r  this 
pr;»33ui^    is,    30    much    greater   is  t  hs   work  which    the    solute    ca.n  perform 
in    Its    bxpansion:    the   u.rao  unt    of   this   work   can   bo    c-.lculnted    from  the 
product    of  the    pressure   und  the  voluma   through  which  the    piston   Is 
displ iced. 

Now  suppose  va  removo  i  small  '^u-xntlty  of  the  sclvDnt  from  the 
solution  by  lo-vertiig  the  piston.  Th-j  exponditur*  of  work  n-cesanry 
fortnle   amoiints    to    Pdv    In   -/'itch   dv   is   tne   volumn   through  which   the 


1.  Zelt.    phys.    chHmle.      1.    498. 

2.  TheoretlCwil    Chemistry    p.    134, 


(3) 


i-igton    J3    lowered.  Li-t   the    quantity    of    solvent    removed    from  the 

solution   be    ixg.    mol.  Now   wc    can    jIso    remove    ths    s^co    quantity    of 

solvent    frooi  the    solution   by    mejns   of   jaothgnnal    iist  illat  Ion,    and 

denoting   by   i>  and   p'    t ht     reapectiva   viipour  tanatons    of   the    jure    advent, 

And   of    the    aolutlon   ut    the    temperature    T,     the    oxpandiiure    of   work 

neceasiry    la 

d   X   R  T   In  p«  (1) 

Now  3lnc;<9   the   work   must    ba   the    same    In   theae    two    laothermal   and 

r-^veraible   way  a,    therefore 

PdvrdxRTlnH, 
P' 

P   :    dv      R  T   ln|,  (2) 

Now   iS    the    addition   of    ix   mola   of   the    pur^   a^jlvent    to   a    suf  fid -^nt  ly 

dilute    solution   producea    nalthsr   contraction   nor   dilution,    dv   Is   obviously 

oqua.1  to    dx   n.ols,    therefore 

S 


d   V   -     T-        d   X  (3) 


From    (2)    and    (3) 


P  =     I        R  T   m  £ 

0  T.» 


In  order  to    obtain  P   in  atmospheres  we   must    express  volume   of   one 

e;o1   of   the    solvent    m   litres   and  must    .vrlte   0.0821    for   R,    therefore 

0.0821   T      1000    S 
p    =   : In  1         it)X3.  (4) 

Frotr.  this    it    cun  be    seen   th^t    solutions    of   various    substjincee    in 
the    aame    solvent,    when   they   have   the    '3,.me    vapour  pressur*}    are    iao^zotlc. 
"Therefore    It    follows    dlrfctly    from  tnia  thiit    solutions    of  the    solvent 
which   hjve   the    3.-:.me    freezing   point    muat    hive   the    same    oamotlc   pr^-asure. 
For   -'.3    the    freezing  point    is   th.-,t    temperature    at    which   the    solid   solvent, 


(4) 


Ice,    -ind  tha    solution  arn    c-pablo    of   existing  togetVier,    It    imat   also 
be   the    point    at    which  the    curv33   of   the   vapour  pressures   of  the    solution 
and   of  the    solid   solvent    cut    each    other,    where   both   huve   the    sane   vapour 
pressure.  For   if    .ve    suppose,    for  example,    that    the   vapour  pressure    of 

ice    dnd    ihit    of   the    *iiter   solution   were    diffwrent    iit   the    freezing  point, 
then  a.   process    of    isothermal    distilljtion  would   begin,    bv    which   equi- 
librium would   bfe    distarbedj    equilibrium   can   only   be    staple   when  the 
vapour  of   th*    solvent    over  the    solution  and   the    solid   la   of   the    aj.me 
dbiisity.         Therefore,    solutions    of   the    s^me    freezing   point    hivo   equal 
vapour  pressures,    na.ninly,    that    of  the    separated    ice    ^nd   are    isotonic." 

NoA'  the    relation   which    exists   between  the    lowering   of  the    freezing 
point    tt.nd   tha    osmotic   pressure    of   a   solution  can  be    deduced   by    coir.binii^ 

the   equation   for  the    mol^-cular  h<».vi,t    of    sublimation   with  that    for  the 

/'  2 

\    whence   upon   integration  we    get 

0 

From    (4)    and    (5)    .ve    get 

„  .      1000    S    ,    w  t  ^  /.  X 

P  =     atms.  \6) 

24.19  T^ 

Where   w  =  ""      '"^         =   hoix   of    fuaion   of   1    gr,    of  the    solvent 

U 

dxpr633t;d    in  gr.    Cil.i   T       z.      fusing  point;    S    =   specific    gravity   and 

t    denotos   T^    —    T   the    lowering  of  th6    freezing   point    and   24.19    is  the 

factor  to    reduce    cal.    to    litre    atirosi  h^r-^s. 

Thus    for   an  uequf>oua    solution  we    h:;ve 

1000      X      7s. 6        t 

P   =     r    i-z.05    t    .vtms. 

24.19    X    273 

whore   t    equals   T^    -     T    the    lowering   of  the    freezing   point. 

1.  Theoretical    Checiistr/    P.    137. 

2.  Ibid   P.    138. 
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Thus    by    ma    na    of    thl3    equation  we    a  rs    oible   tc    cnlcul-it*    within  a 
Umitsd    r^inge   of   temperature,    which   Includes  the    freezing   point    Itself, 
the    oaniotic   pressure    of    a    solution  whose    iowrfrin^   of   the    freazlng   point 
W8    know* 

Lbt   U9   t-kft    for   example    Cane    Su^ar   a.nd   Gluco3e. 
TABLE      1   . 
DSPTESSION      OF      THS      FREEZING      POINTS      OF     WEIGHT   -   NORMAL      SOLUTIONS. 


CANE   SUGAR  GLUCOSE 


CONCENTRATION 


0.1 
0.2 
0,3 
0.4 

0,5 
0.6 
0.7 
0.8 
0.9 
1,0 


'RESSION 

liOLECULAR 
DEPRESSION 

DEPR-£SSI0N 

MOLECULAR 
DEPRESSION 

legrees 

d&grees 

d«gr»ie3 

icgreea 

0.155 

1.95 

0.192 

1.92 

0.393 

1,96 

0.386 

1.92 

0,584 

1,95 

0.576 

1,92 

0,764 

1,96 

0.762 

1.91 

0.983 

1.97 

0.952 

1.91 

1.190 

1,98 

1,147 

1.91 

1.390 

1.99 

1.337 

1.91 

1.621 

2,02 

1.528 

1,91 

1.829 

2.03 

1,720 

1,91 

2.066 

2.07 

1.918 

1,92 

1,  THE     GSlilOTIC      PRESSUPE      OF      AEQUKOUS      SOLUTIONS 

REPORT      ON 
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DURING      THE  YCARS   1899    -   1913 
BY      H.    N.    JiORSE, 
CARNEGIE      INSTITUTION      OF     WASHINGTON 
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TABLE      II 

•^•EICHT    -  NORMAL      COHKHTrjVTIOM      CAMK      SUGAR. 


0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


0.' 


0.6 


0.9 


1.0 


Temp. 


RATIO      OF      OSMOTIC     TO      GAS      PRESSURE. 


0« 

(1.106) 

1.061      1.061 

1.060 

1.069 

1.077 

1.083 

1.093 

1.104 

1.115 

s*^ 

1.082 

1.063      1.058 

1.059 

1.067 

1.074 

1.064 

1.093 

1.102 

1.115 

10" 

1.082 

1.060      1.059 

1.060 

1.066 

1.073 

1.083 

1.092 

1.1G2 

1.113 

15^ 

1.082 

1.061      1.061 

1.059 

1.058 

1.073 

1.083 

1.093 

1.102 

1.115 

200 

1.084 

1.062      1.060 

1.060 

1.067 

1.073 

1.084 

1.093 

1.103 

1.115 

25'^ 

1.084 

1.059      1.060 

1.059 

1.065 

1,071 

1.083 

1.093 

1.102 

1.113 

(1.083) (1.061) (1.060) (1.060) (1.067) (1.074) (1.083)  (1.093) (1.103)  (1.114) 

K 

1.000 

1.020      1.031 

1.040 

1.050 

1.060 

1.069 

1.081 

1.089 

1.101 

40*^ 

1.003 
1.000 

1.011      1.024 

1.038 
1.017 

1.046 
1.025 

1.054 
1.032 

1.059 
1.041 

1.067 
1.049 

1.076 
1.059 

1.085 

5°u 

1.002    |l.0G9 

1.071 

60** 

1.000 

1.001      0.999 

1,000 

1  1.006 

1.015 

1.020 

1.027 

1.033 

1.044 

70*^ 



1.000 

1.002 

0.999 

1 1.008 

1.015 

1.023 

K 

.....       ..... 

1.001 

1.000 

1.000 

90*^ 
100  0 



Thus    from  Table    II    we    see   thit: 

(1)  In  .ill   solutions   of   cane    sugar   from  0.1  xo   1.0   weight    normal,    the 
ritio   of  the   observed   osaotic   to  the    astimiitsd    gas    pressurs    of  the    solute 
is    constant    for  e.;(ch    concentration  between  0°    and   25°. 

(2)  Thia    ratio    fxceods    unity    in  every    Inst -..nee.        This    3ugga3t3,    of 
course,    chiit  the    solution  has    becorce    concent  r.-.t-.i  through   u   .vlthdrawul 
of    some   of   the   solvent    for  the    purpose    of  hydratlng  the    solute. 

(3)  When  the   solutions   of   cane    sug -r  are    heated  to   a  temperature    .ibove 
25    ,    tne    ratios   of   the    osmotic    to    gas   pressures,    which  are    all   above 
unity    begin  to    a6cline.  Tnis   decrease    is    relatively    more    rapid    in 
dilute   than   in    co  nee  nt  r  r.ted    solutions. 

(4)  This    decline    in  the    rati^-s   which    begins   at    a   little    above    25°, 
continues    until    -.t    acme    temperature  which    is    char  ict  erl  stic    for  each 
concentration   it    beccmas    unity,    and  thsre    is    considerable    evidence   that 
a    ratio    having   once    become    unity    at    sorad    temperature    does    net    further 


1.      Carnegie    Publication   198, 
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decljna    ;it    hlgh'jr  tempi- natures, 

(5)      31UC0  3Q    solutions   behavA    somewhit    analogous  to    cane    sugar  solutions, 
h3    is    shown  by   Table    III.         At    0     tha    ratio    of   osmotic   to    gis   pressure 
is   grw^it^r  than   unity   which   suggests    hydration  but    this   r^tlo    Is   the    s  ami 
In   the    casa    of    glucose    for   all    concentrations.  At    some   temperature 

At    10°    half  the 


but    stSll  the    ratio    is   the    9  ime    for  all    concentrations. 
the    ratio    is    unixy    for   all   concentrations    from   0.1  to  1.0   *eight-nc  rmal, 
TABLE      III. 
GLUCOSE 

VilllGHT   -   NOMAL      COtlCSNT RATIONS. 

0.1  0.2  0.3  0.4  0,5  0.6  0,7  0.8  0,9  1,0 

Temp.  RATIO      OF     OSiJOTIC      TO      GAS      PRESSURE. 

lO®  1.035  1.030  1.027  l.O'iO  1.031  1.033      1.033      1.032      1.030      1.031 

30°  1.001  1.002  1.000  1.000  1.000  1.001      1.001      1.000      1.002      1.001 

40°  1,001  1.001  1.001  0.999  1.000  1.001      1.000      0.999      1.001      1.000 

50°  1.000  1.002  1.001  1.000  1.002  1.000      1.000      0.998      0.998      1.000 

60°  1.002      0.SQ9  0.998  0.999  


1.      Carnegie    Publication   198. 
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TABLE      IV. 
OSMOTIC      PRESSURES      OF      CANE      SUGAR      CALCULATED      7R0ii      FRIEEZINQ 

POINTS      TABLE      I      V.'ITH      THOSE      PI  R?:  '.TLY       DETI^RLIIKKD.^ 


0° 


10« 


Cone. 


15^ 


20' 


25* 


Calc.    D«Jt.       Calc.    Det.       Calc.    Det.       C*ilc.    Det.       Calc.    Det.       Calc.    Det. 


0.1 

2.35 

2.46 

2.39 

2.45 

2.43 

2.50 

2.48 

2.54 

2.52 

2.59 

2.56 

2.6: 

0.2 

4.72 

4.72 

4.81 

4.82 

4.89 

4.89 

4.98 

4.9« 

5.06 

5.06 

5.15 

5.1 

0,3 

7.04 

7.09 

7.17 

7.20 

7.30 

7.33 

7.43 

7.48 

7.56 

7.61 

7.59 

7.7 

0.4 

9.44 

9.44 

9.61 

9,61 

9.78 

9.79 

9.95 

9.95 

10.13 

10.14 

10.30 

10.3 

0.5 

11.86 

11.90 

12.08 

12,10 

12.29 

12.30 

12.51 

12.55 

12.73 

12.75 

12.94 

12.9- 

0,6 

14.30 

14.38 

14,56 

14.61 

14.82 

14.66 

15.08 

15.14 

15.35 

15.39 

15,61 

15.6 

0.7 

16.77 

16.89 

17.07 

17.21 

17.37 

17.50 

17,69 

17.82 

17.99 

18.13 

18.30 

16.4 

Q.6 

19.45 

19.48 

19.81 

19.62 

20.16 

20.16 

20.52 

2C.54 

20.88 

20.91 

21.23 

21.2 

0.9 

21.99 

22.13 

22.39 

22.48 

22.80 

22.88 

23.20 

23.21 

23.60 

23.72 

24.01 

24.1 

1.0 

24.91 

24,83 

25.37 

25.28 

25,82 

25.69 

26.28 

26.19 

26.74 

26.64 

27.20 

27.0 

30^ 


40' 


50« 


60« 


70' 


80'' 


Cone. 


Calc.    Det.       Calc.    Dst.       Calc.    Det.      Calc.    Det.       Calc.    Det.       Calc.    D«t. 


0.1 

2.61 

2.47 

2.69 

2.56 

2.78 

2.64 

2.86 

2.72 

.  , 

0.2 

5.24 

5.04 

5.41 

5.16 

5.58 

5.28 

5.76 

5.44 

,  . 

0,3 

7.62 

7.65 

8.07 

7.84 

8.33 

7.97 

6.59 

6.14 

,  . 

0,4 

10.47 

10.30 

10.82 

10.  oO 

11.17 

10.72 

11.51 

10.87 

..... 

,  . 

0.5 

13.16 

12.98 

13.60 

13.36 

14.03 

13.50 

14.47 

13.66 

14.90 

13.99 

,  , 

0.6 

15.87 

15.71 

16.40 

16.15 

16.92 

16.32 

17.45 

16.54 

17.91 

16.82 

,, 

0.7 

16.61 

lb. 50 

13.23 

18.93 

19.84 

19.20 

20.46 

19.40 

21.07 

19.57 

0.8 

21.59 

21.38 

22.30 

21.80 

23.02 

22.12 

23.73 

2r.33 

24.44 

22.57 

25 

16    23.0 

0.9 

24.41 

24.23 

25.22 

24.74 

26,02 

25.12 

26.83 

25.27 

•-^7.64 

25.56 

28 

.44   25.9 

1.0 

27.66 

27.22 

28.57 

27.70 

29.48 

28.21 

30,40 

28.37 

31.31 

26,62 

32 

23    28.8 

Thus    from  Tiibif    IV  wa   see  that    tha    osmotic   pressure    of   e  jiM    sugar 
solutions    uy  to  ai.d    including  25      c-..ti  bs>    Cj.lcuiated    froir.  the    ob3t>rved 
abnormal   depressions    of   the    freezing   points.  But    at    high;?  r  temp-sntures 

thld   Can  not    ba    done.        They    ean  be    c?.lcul:it -d,    then,    u;'  to    chut   tfrp-r- 
a-Xure    ^.t    which   thd    r'..tl  c    of    osr.otic   to    giis    presaures    which   was    constant 
but    abnormally    high  begins    to    decline.         In  oth?  r   */ori3   up  to    25^^    the 
osmotic    prassureg   as    compared   with   th«    xhaorv-tlcal    g^s    praasures    of   the 


1,        Cdrnagle    i'ublicatlon   19( 
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solute   are   c.bnc  rm-.!    to   tho    otim>i    degree    d.3   the    obs^'rv^d    freezing  point 
lowerin^a    as    comi)a.r6d   with   the    theortitical   loAorlng   bux    thla    is    net 
true    at    higher   temperut  ur-js.         At    thcie   t  emp-s  r  situ  res    above    25°      where 
the    r-itio    of   osmotic  to    g  s    pressuires  becomes    const  tnt    j.ni   unity,    we 
co'-ld    epical. ite   the    o3Eotlc    pressure    of  the    solution   not    from  the 
ob9erv*<d    freezing  point    lowering   but    from  th-a    theoretical    depression 
that    la   a   molecular   depression   of    1.85°, 

In  the    c^3e   of    glucose  th'^   temperature    area  ov«r  which   w-s    can 

Cdlculttte  the    oscctjc   pressure    from  the    freezing  point    lowering  Is   much 

amall^r.         In   fact    only    around   0°    can   it    be    calculated   because    somewhere 

»hl 

coriStanx    and   a.bncrmu.lly    high   begins  to   decline   a.  nd    uhen   at    25      ^nd   30 
where    chs    ratio   becomes    constant    -and   unity    the   obssrved    lowsring  of  the 
freezing  point    no   longer  can  be    used    In  calculating  the    osmotic   pressure 

of    glucose   solutions    but    instead    *©   must    make    use  of   the  theoretical 

0 

depression  th^t    is   a   molecular  Jeprssslon  of    1.85    • 

E.    H.    Lcomis    in  his    work  on   "The    Freezing  Poinxs   of   Aequeous 
Solutions   of   Non-Sl9ctrolyt33"     made    a  careful   determination  of  the 
molecular    depression  of   0.1  to    0.5   we  1  ght -no rmal   solutions   of    mannlte 

Therefore  this    f « ct    makes  the 
i  nvustigs^t  ion  of  the    osmotic    pressure    of    mannlte    of    especial    interest. 
Substituting    In    formula   6,    we    find  that    th-^    osmotic    pressure    as    calcu- 
lated   from  the    freezing   point    lowering   is    normal,    that    is    equals   the    gas 
pressure    for  0°.        Now    from  this   and  the    relations   which  were    found  to 
hold   brtween  osmotic   pressure    and    lowering  cf    freezing   points   of   glucoa 
and   cane    sugir  solutlcus,    we   would   s  ly    th  hx   the    ratio    of   osmetic   to    gas 
prtf33uras    formannlto    solutions  would  bt    unity    for  .ill  tHEp^sratures. 

1.      ZeJt.    phys.     Chemle.    32    p.    599. 
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Th«    mannite   was   obtained    from  Germany    In   sufficient    quantity   and 
of    a   degree   of   purity   that    no    furth'iir   puri  f  1  c-.t  Ion    .v;.s   nocosaary    for   Its 
use    In  this    Invs  st  1  gat  1  :n.        Unfortun   t-ily   we    were    onlv    s-bl-^    to    *ork  with 
0,1    to    0.5    wei  ght-nc  rznnl    solutions    it   10    ,    20°    and    30      and    0,1   to    0,6 
weight-norm.il    solutions   :^t    40      bac-ius*^  of   the    limlt'd   solubility    of   the 
n;j.nnltd. 

All  the    solutions   used    in  this    investigation  were   mtide   up   on  the 
wal^ht-norma.!  basis,    that   is   by    dissolving  a   gram  mol'-cular  weight,    or 
decimal  part    tharaof,    of  xhe    solute    in  ti   1000   grtims    of   watsr.        The   true 
coiicant  rat  Ion  of    a   solution,    wherever  the    influence    of  tne    solvent    upon 
the    solute    is    involved.    Is    determ'.n-rd  by   t  ne    numerics.1    riitlo    of  the 
molecules   of    the    solute   to    those    of   the    solvent    rather  than  by  the    number 
of    solute    molecules    in  a   given  space.        Thus    by    usin^the   weight-normal 
b^sis   of   m;iking  up    solutions   we    .ilways   hive   the    3i:.ir,s    mass    of   the    solvent 
coming   li^itc    play    no    mcttter  whj.t    the    concentration.        Moreover   just    is   we 
xust    Introduce   a   correction    in  the    simple    equation  p  v  =   R  T    for  gases 
for  XT.'i    voluma    occupied   by   the    gaseous   molecules   which   as    do   by   us'ng 
Van    aer  Waals   equitlon    (p-t-— 2    )      (v  —  b)    =   K  T,    so   also    .ve    must    Introduce 
d.   slmiljir    correction   in  tho    equation    for  solutions    p    (v   — b)    =   K  T, 
In  which  b   expresses   the    volume    occupied   by   the    solute    molecules. 
Suppose    we    dissolve    a   gram  molecular  wei  ght    o  f  t  he    solute    In   water  and 
dilute   to    a  litre.        The    true    volume   would   be    v   —    b   =   1000    c.c—   b  the 
volume   of   the    solute    molacul-fs.  If   now,    however,    we   t-ke   a   gram 

molecular   weight    of  th?    solute    and  dissolve    in  a   1000   grs.    of    wat«r, 
in  th.^.x   mass   of    the    solvent    which  has   the    unit    voluciij    1    litre   at    the 
tempsrature    of    m-Jtimum    density,  .*nd   the    volume    her©   would   be    v      b    -b    = 
V  ■    1000    c.c.      Tnus    by    using  the    wel  ght-no  rmtl    system   of   mi.king   up  solu- 
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tion3,    wo    may    be   supposed    autom  .t  i  cully   to    corrost    for  the    b    In  th© 
aquutlon  p    (v  —    b )  -    K  T    . 

EXPERIailENTAIi 
C    L   L  L   S 

Of   the    0^113   which   were    usaa    in  this    1  nveat  1  gj.t  ion  on   mannite,    some 
we  r«)    naw,    that    is   had    never   before   boan   set    up    for   ?.ny    Qeaauremeni    while 
the    oth«r3    -11    had    b^an   uaad    in  medsuring   oaootic    preaaure,    soire    with 
alHct  rolytes,    soma    with   non-elect  rolytea. 

The    first    step   to    be   t  ..ken   with   th-s    finished    cell   is   to   expel  the 
air   from  the    pores   and  to    replace    it    by    ws,ter.  This    is   accomplished 

by    miJoLns    of    "elBctrlcil   eniosmose",    thcit    is,    by    elect  rolyzi  ng  a.   dilute 
solution   of   lithium  sulphate    which   nearly    fills   tho    cell  end    in  which   It 
Is    immersed  to   the    lower   edge    of   the    glazed   portion.         The    lithium   ion 
carries   with   it    the    lirgest    atmosphere    of    water  and,    therefore,    gives   a 
greater  endosmose   than  uny    other    cation.  When   it    is   judged  thr.t    all 

the   air   has   been    ^^r^.0V'^d    from  the    porous    wall   the    cell   is    ren.cved,    r:n3*)d 
with   i-urt?    water   and    dllowod   to    soak   for  a  time    in   distilled    water  which 
is    frec^u^tntly    renewed.  Finally    the    eJectrolysis    is    r-paated  the    cell 

this  time    being   fii.l-d    ..Ith    distilled   water.  '.Vhe-n    the    conductivity, 

uft'.r   fr-.queirt    renewals    of   the  water  htis    fallen   ntarly    to    th^t    which    is 
normal    for  distilled   water   itself   the    cell    is    ready    for  the    deposition 
of   the    membrane. 

Tenth  wei  ght-no rmcil   solutior.s    of   copper   sulphate   and   pot  issium 
ferrocyianide   arj    employed,    the    coppfa  r  sulphate    in   which  the    anode    is 
set    being  outside   the    cell  and  the  potassium  ferrocy  ainlde   together  with 
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the    cathc-ja    being    inside.        Tnus    by   mo -na    cf   tho   electric    current    the 
two    iona    which    form  the    m..mbr-ne    j.  re    drivon    into    the    cell   w-11    th.-reby 
Cjiusirig  tho    membrane    to    become    firmly    puck-^d    and   embeddad    In  the    pore 
mouths.         Due    to    the    f.ct    th^t    the    membrune    is    rb^dily    attacked   by 
dilute   alkalle,    during  the   deposition  the    cell   is    flushed   out    every 
t.vo    rainut3s   with  a    fresh   solution  of   pota33ium  fer  p^cycinlde.  This 

membrane-forming  process    is   allowed  to    run  one    hour  when  the    cell   is 
removed,    rjnsed   with    distilled   wit?r  and    allowfid  to    so-ik   3'^verv.l    days 
in   thymol    Witer,    when   It    is    again  treated   as    in  the    first    instince, 
Th9    i-esistance    rises    higher  and   higher  on  3ucc«33lve   treatments   until 
a  psrmansnt    maximum  is    reached  when  the   membrane    la    ready    for  its    first 
maisuremont.  The    new    cslls  were    stirt    d   on   June    4,    1913   and   on 

February    4,    1914  we  ra    ready    to   ts    set    up    for  the    mo.a3urement    of  the 
osrrotic    presaur.*    of    manni  to    at    10    • 

The    cells   when  not    in  use    were    allowsd  to    soak    in  thymol  water,  In 
the   membrane    depositing  b^thj,    ot   the    tempartture    at    which   they   were   to 
be    usr.d    for  m-r-isurement  3   .?nd    every    othtsr  day   the    membrine-fo  rmi  ng  process 
was    repeated    for   an   hour.  After  ari   exparlment    Is    fii-.lshad   the    cell    is 

emptied,    thoroughly    washed  and   allowed  tc    3o.ik    in  thymol   water  several 
days    after  .vhich   it    iy   trAHtsd   like   tne    other  cells. 

Of   the    old    cells   Ag ,    Ig,    Ug ,    p^ ,    Ug    were    naver  U8r;d   with  electrolytes. 

'6.    h'    \'    "6-    ^'    ^'    ^6-    ^g.    Bg.    Gg.    Hg,    0^.    Qg.    Sg    were    all   used 
at    dome    time    in  the    me.isu  rament    of  the   osniotlc   pressure    of    lithium   chloride. 
Of    thage    fourteen    cells   the    last    six   Eg    to    S.    h-i  a   at    one   time    a   membrane 
of    nickel    forrocyanide    but    when   work  vvaa    started   on   mannlte,    this    msmbrane 
w^3    ching^  a  to    copper   ferrocyanide    simply    by    depositing   t'/.a    co -par   mecbrane 
on  top  of   that    of    nickel. 
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Tho   toff-^ct    of    t'xpoalng  a  menjbri.ne  to    jn   electrclyt©    Is   to    render 
it    aluggi  ih   in   lt3   tiction.  This    I3   to    bo    seen    f  1  r^t    in   the  long  time 

cOiiaumdi   by   tha    cells    in   coming  to    equiUbrulm  and   9i.->co<icily    in  the 
const  aw  rdblB    thtirmometer   effects   which   3.re    shoun   in  tae    rathbr  large 
fluctuation's    in  i-res-iure    frcT  day  to    day. 

Another  reason   for  the    slowness   of    the    cells    in   coming  to   equilib- 
rium iTii^ht    be    in  the    fact   thul  the   poraa   of  the    cells   due  to    reburning 
h.ivt>   shrunk   In    size    and    consequently  the   effective   area  of  th*)    flieEnbra.n9 
has    aiaini  shed* 

Pirhctps    mannite    itself   may    h:  vt    .i   specific  a.ction  on  the    membrane 
tending  to    retard  tha    ps.33ace    of   solvsnt    through   it.         In  an  pxp^riment 
cell  Bg ,    which  with  mannite   took  twenty-six    days  to    come   to    equJHbi-(um, 
whei.  afterwards    set    up   with   1.0  weight-normul    solution  of   glucose    reached 
equilibrium  on  the   thirteenth    day.  But   before    we    can  pass   a    final 

opinJon   on  this  i^oint    more   experimental  work  must    be    done.        This    question 
is   an   importa.nt    one   and   will   be    fully    investigated  at   a    i'lter  period. 

The    cells   }{fl,    §Z,    ^3,    ^^,    ^,    //6    are    interesting  because  they    had 
their  old   membrane    removed  and  a  new  one    deposited.  The    old   aembrineB 

•vsrf    removed  by   treating   with   an  alkaline    tartrate   and  then  elect  rolyz  I  ng 
with    dllut-!    nitric    icid.  After  tliis    the   cells    were    thoroughly    soaked 

and   th*i    nn  *   membrane    deposited    in  tha    usual   maan« r.  Usucilly    net    much 

success    attends    such  a  process,    but    here    we   were    successful  as    is 
evid'jnced   by   Table   XII,        Mot    or.lv   did    cell   jffe    give   a   good   measurement 
but    It    caiiirt   ^o   equilibrium  on  the    fifteenth    d.n.y    whi  cii   is   ^^ite    rapid    for 
mannite. 
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LlANOiUETERS 

Of  the    irunometora    which    *3re    U33d    In  this    .vork   on   mt.nnl-cb    nothing 
d^uclnl   ntiecl   bo    said    in  addition  to   wh;»t    ho.a   been   discussed   elaewhere. 
Several   mctnuineters   which   during  the   summer  h^i   beei:    c£.ltbrat2d   in  the 
usual    way   were    filled  and   theJr  volume   and   carlll*''7     lopresslon  dotcrL-Jned 
in   the    f..ll  and  thus    two    n'^w   cnea    we  re   acdtd  to  our   supply   to   oidke    up    for 
loss   which   we    suffered    in   consequence    of   breakage. 

One    iecidsd    improveianent,    however,    should    be    menticned   and   this    is   a 
new  type    cone   made    entirely    of    glass   which    replace  3  the   old    cone   of    brass 
;.nd  Wood's    mttal.        The    cone    is   that  part    of  the  manometer  which   is 
fj.stened    into    the    cell  by    m^-^ns   0  f  ti  brbss    colli.r  and   nut.        The    old  type 
brass    cone    has   two   holes    passing  entirely    through    it,    one    for  the 
m^^nonioter  tube    and  the    och»r   for  the    hollow   ne-^dle,    //hi  ch    is    aiployfid    for 

preliminary    adjustmant    of    pressure,    both   of   which    (the    rra.noir.eter  and  th» 

2 

n«e-dle)    are   a^curfcly    fcisttned   in  the    cone    by    means    of  Wood's   Uietal. 

Kow   due    to    the    cont  r«ct  Jons    i.nd   expansions    which   this   Wcc^l's    rr.atal   suffers 
as   the    cone    is   used   tit    different    teir.pw  ratures,    there    is   a   tendency    in   some 
cases    f  c  r  ths    cone    to    li-ncome    leaky   around   th»   niinomf-te  r  tube   and    conse- 
quently   high  pressures    cannot    be   maintained.        This    nr  cesslt^t  es   the 
twking    down  of   tho    cs-ll   and    setting  up   again  wtth  a    naw   manometer. 
This    is   the    onlv    part    of  tha   man.^iHtbr  wL.'ch    gives  trouble   and  especially 
is   this  liable   to   happen  at    hi,;her  temperatures. 

But    y/ith   the    gl.iss    cone    sll  this  trouble,    is    cbvlatod.        This    consists 
of    a   short    calllary    tube    and   cone    made    froa-.  a    single    'ieco    of    glass. 


1.  C:rnigie    iPubliciticn   196. 

2.  For   ful]    descrirtion    soe    Ibid    198. 
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Th«»    CAiiillary    in  x  he   xubt    continues   through  t  h«    cone    .vh?l<i>   to    one    aide 
of   this   a    second    opening  t.ikds   the    place    of  tr.c-   hollow   nt-cQle    of  the 
bri.ss    cone.  Through  this    second   opening  runs  a  thin  briiss    or  plutlnum 

rod   h^vii.g  c.  thrci^d  at    one    end  and  ux   the    oth^r   a  brass    cixi.   which   holds 
a    rubber   .vasher   in  place    againat   the    opening  at   the    bottort  of   tha    coiie. 
Thus   by    means   of   a   threaded    cap   which   screws    down   on  the   threaded    end 
of   this    rod,    pressure    can   be    brough  to    bear  against    the    rubber  washer 
thereby    effectually    closing  this    second   opening  through  the    cone. 

This   whole   arrangcDieirt    is  then  fastened    Into   a   brass    c^r-    which 
fits   tne    bri-ss    collar  and    nut   arrangement    by    means    of   A'hich  the    man- 
ometer is    fn3t«ned    into    the    cell,    by    litharge    glycerine    cttment.        To 
this    cai'    is    fastened   a  brass   tube   which    fits  around   the    glass    capillary 
tube    increcidiug   its    strength  ana  thereby    i'r^sventing  the    liability   of 
snapping  off    frcm  ths    cone   when  the   valuable    manom.Jtor  is    sealed  on. 
Altogether   it    is    quite    an    Improvement    ovor  the    old   cones   and   has    given 
the    test    results    iVi  overj''    instance. 

5   A  T    H   S 

In  our   consti-.nt   temperature    baths   we    had  a   Ifirge    volun.e    of   water 
and   air  which  we  ra    kept    in   const ';nt    circulation   over    first    a    cooling 
surface.    •:ind  then  a   hHdtlng    surface.  The    coding    surfdces   were    cuils 

of   pipe    c.ir.^gh  which  tap    water   clrculeted   while  the    heating  surfaces 
were   enclosed      Inoandesce/it    lamps.      The    buths   themselves   were    maintained 
5n   special    rooms   whose   temperature    could    be    regul^tr-d   so    th.^t   thfi    dsily 
fluctuations   would   be   very    slight.  By   these    mecns   we  were   ablr    to 

malnt.Hin   any    temperature    at    wh  J  ch    *«    were    working   to    within   several 
hundredths    of    j.    ue^ree.  For  a    full   account    and    description   of   tne 
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baths   j.nd    itiir.ibrd.turr    re guia,tlcri   see    Carntjgid    Publication   198. 

Ir.  thbit)    aottduremdrit  b   on  mannite    wd    had    no   means    of  testing 
whether  the    solutiona   ir.a  i  nt  a  i  nc  u   perfectly   their   concent  r-x  ioj^s    *hil« 
iii  tiie    ctrlis.  In  the    Cd3e    of   cene    su^ur  and    gluco3&   thib    coula  feabily 

tto    done,    becauss    by    mtiana    of    t.;t»   i«oi&riscope    alight    changes    in  the 
concent  ri.t  ion  of   the    solutions    co  aid    ct>    detected   and    measured.         However, 
now    AC    have  an   instrument,   the    "Interferometer"  made    by   Zeiss    for  use 
with   optically    inactive    sub3t.:.nce3  and  when    the    final   ineasuremdnt  s   are 
made    on   nannlte   use   will    bo   mide   of   this.         However,    even  witnout    x".j3 
i.'Tocf   there    is    no    reason   to    doubt   tho    f/rasent    n»ciSurtiBiont3    of  the    osiriotlc 
pressure    of   mannite    beciiuse    surely    if  there    ,v«3  re    changtis    !n   concentration 
occurring    m  tn©    cells   the    ratio   of   osmotic   to    gi.3   pressures   would    not 
have    been   so    nearly    cor.atci.i..c    i.^   they    .vj  ro    fOu;r.d   to   be. 

The  following  t.^bles  are  a  brief  outline  of  some  of  the  metisurement  s 
'.vhich  I  mi  le  with  the  coilc-bo  rAtior*  of  Dr.  Fraz"r  mitI  for  a.  ajore  complete 
discussion  of  the    work   consult    Carnegie   Publi  cation   196. 


(17) 


EASUREKiB^NTS 


TABLE     V. 


Experiment    1«      Cell    F-7,      Resiatanctt   of    membrine,    1,100,000   ohma. 
Manomdtor,    60.      Time    3atting  up    cell   January    30,    1914.      Barometer 
during    flndl    nrcord:      Max.,    1.009;   Mln.  ,    .995,         Initial   pressure 
3.393.      Observed   muan   dally    total  pressures    ^ftsr   cell   became    constant 

yiNAL    RECORD. 

83rd    day,    3.300   atma.         85th   day,    3.317   atms.         87th  dav,    3.317   atms. 
84th      "        3.310        ••  86th      "        3.307 

Mean  of  all  dally  pressures  April  23-27  =  3.310  atms. 
Mean  barometric  pressure  April  23-27  s  1,003  atms. 
Maan   osmotic    pressure    April  23-27  =      2.307   atms.         * 


TAB  L  E      VI. 


Experiment    2,      Cell   Z-7.      Resist  ancf)    of    membrane    1,100,000   ohms, 
lianometor,    61.      Time    setting  up    cell   January    30,    1914.        Barometer 
during  final    record:      Max.,    1,000;   Mln.,    ,972.         Initial   pressure 
3.135.      Observed    npean   dally   total   presmres    after   cell   becj-me    constant, 


day, 

3.315 

F   I 

N    A  L 

R  E 

CORD. 

30th 

atms. 

34th 

day. 

3.311    atms. 

3l3t 

" 

3.306 

" 

35th 

w 

3.313         " 

32nd 

It 

3.310 

n 

36th 

" 

3.311         " 

33  rd 

n 

3.315 

w 

37th   day,    3.309   atms. 
38th      "        3.309         " 
39th      "        3.311        " 


Mean   of    all    dally    pressures    Feb.    28   -   Mar.    9      =  3.311   atms. 

Mean    barometric   pressure    Feb.    28    -   Mar.    9  =  0.989    at«s. 

Mean    osmotic    pressure    Feb.    28    -   Mar.    9  =  2.322    atms. 

Mean   osmotic    pressure    for   experiments    1   and   2  =  2.314    atms. 

Ratio    osmotic    to    gas    pressure  ■  1.002. 


*  This    experiment    is  of   especial    Interest    owing  to   the    fact    of   the 

long    Interval   of  time    (83    days)    between  t  ht.    setting   up   and  the    coming 
to    equillbruim  of  the    cell,         nothing   similar  to   this   having  ever  been 
experienced   with   either   glucose   or  cane   sug-ir.         In   the    n-^iir   future   a 
thorough    investigation   will   be    carried    out    to   ascertain   whether  mannlta 
his   tt    retarding   effect    on   the    action  of   the    membrana    In  allowing  water 
to    diffuse    through. 
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TABLE        VII, 


0«2   WT.    NO  RMM.    SOLUTION   AT    10°.       CALCULATED  GAS   PRESSURg.    4.616, 


Exparlment    1«      Cell    D-6 -         Resistance    of    me mb rune,    1,100,000   ohmB. 
Manomater,    44.      Time    setting  up    cell   January    29,    19  14.        Barometer 
during    ftnal    record:      Max.,    1.000  j   Win.,    ,972.         Initial    pressure 
5.685.        Obsurvad   mean  dally    total   presaures   after  cell   became    constant, 

FINAL        RECORD. 

31st    day,  5,621  atras,  35th   day,  5.598  atms.  38th    day,  5.590  atffls. 

32nd      "  5.596        -  36th      "  5.596  "  39th      "  5.594        •• 

33rd      "  5.582        "  37th      "  5.613  "  40th     "  5.598        •• 

34th      "  5.591        " 

Mean   of    all   daily   pressures   Feb.    28    -  kar,  9      s  5.599   atms. 

Mean  b.iromBtrlc    pressure    F-ab.    28    -  Mar.    9  =  0.989    atms. 

Mean   osmotic   pressure    Feb.    28   -  Mar.    9  Z  4.610  atms. 

Ratio    osmotic   to    gas    pressure  -  .998 


;m3. 

61at 

day, 

7.956 

aims. 

65th 

day, 

7.938 

n 

6  2  nd 

7.942 

•• 

66th 

n 

7.926 

« 

6  3  rd 

" 

7.958 

n 

67th 

•* 

7.928 

N 

64th 

" 

7.957 

" 
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TABLE        VIII. 

0.3   WT.    NOMAL   SOLUTION   AT   lo''.      CALC'JLATSD   GAS   PRESSURE.    6.925. 

Experiment    1^      Cell   J-6.      Re9l3tin:e    of    me mb r';.ne ,    1,100,000   ohms. 
Manomater,    34.      Time    setting   up    cell   Junuar/    29,    1914.        Barometer 
during    fin*l    record:      Max.,    1.008;   MJn. ,    .987.         Initial   pressure 
8.063.      Observod   meitn  daily   total   pressures   after    cell  became    constant. 

FINAL        RECORD 

57th  day,  7.958    atms.        61at    day,    7.956    atms.         65th   day,    7.938    itms. 

58th      "  7.958 

59th  "  7.962 

60th      "  7.960 

Mean   of   all   dally   pressures   iJar.    26    -   April  6      -      7,949    atms. 
Moan   baromstrlc    pressure  Mar.    26    -  Ai-rll  6  =      0.999    atms. 

Mean   osmotic  pressure   Mar.    26    -  April  6  =      6.950  atms. 


TABLE        IX. 


Extiflrlment    2.      Cell   P-6.       Resist  ince    of   membrane    366,666    ohms. 
Uanomater,    32.        Time    setting   up    cell  March   6,    I'^s  14.        Barometer 
daring    final    record:        Max.,    1.009;   Min.,    .995.        Initial   pressure 
8.768.      Obsyrv-d   mean   daily    total   pressures  after  cell  became    constant, 

FINAL    RECORD. 

46th   da/,    7,916    .;tma.        48th   day,    7.944   atms.        50th   day,    7.946    atms. 
47th      "        7.932        "  49th      »•        7.929        •• 

Mean   of    all    dally    pressures   April    23-27  -  7.933    atms. 

Mean  btirometrlc    pressure   April  23-27  =  1.J03   atms. 

Mean  osmotic   pressure    April   23-27  =  6.930  atms. 

Mean  osmotic   pressure    for  experiments   1    and  2   =  6.940  atms. 

Ratio    of  osmotic  to    g.is   pressure  =  1.002. 
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TABLE        X. 


0.4    TIT.    MORTAL    SOLUTION    AT    lO".       CALCULATED    GAS    PRESSURE.    9.233. 


Ex  pari  me  nt  1.  Cell  A-6.  Resistance  of  membnjine,  550,000  ohma. 
Man:>met9r,  32.  Tlmd  setting  up  cell  Janu.iry  28,  1914.  BarornntAr 
durUi^  final  record:  ulax.  ,  1.006  j  din.,  .972.  Initial  pressure 
9.759.         Observed   mean    daily    total   pressures   after   cell    became    constant. 


FINAL         RECORD. 


3l3t 

duv, 

10.297 

atms. 

35th 

day, 

10.198 

atms. 

32nd 

M 

10.229 

•• 

36th 

" 

10.155 

" 

33rd 

« 

10.160 

" 

37th 

w 

10.175 

" 

34tn 

M 

10.156 

•• 

38th 

'• 

10.186 

" 

39th   d.iy,    10,173   atms. 
40th      "        10.179         " 
4l3t      "         10.206 


Mean   of    all    dally    pressures    Feb.    27    -   iaar.    9      -      10.192    atms. 
Me  ^n  barometric    pressure    Feb.    27    -  Mar.    9  -        0.991   Atms. 

Mean   osmotic   pressure    Feb.    27    -  Mar.    9  -        9.201  atma. 


TABLE        XI. 

Bxparlment    2«         Cell  U-6.         Resistance    of   membrane    550,000   ohms. 
Manomatar,    37.         Time    setting   up   cell    January    28,    1914.        Barometer 
during    final    r-.cord:      Max.,    1.006;   Mln.,    .972.      InltlU   pressure 
10.025,        Observed   mean   dally   total  pressures   after    cell   becamo    constant, 

FINAL         RECORD. 

30th  day,  10.318  -itms.  34xh   day,  10.159  atma.  38th   day,  10.202    atms. 

31  5t      ••  10,336         "  35th      "  10.195  "  39th      "  10.169         " 

32nd      "  10.207         "  36th      "  10,188  "  40th      "  10.173         " 

33rd      "  10.148        "  37th     ••  10.188  "  4l3t      "  10.209        •« 

Mean   of    all   daily    pressures    Feb.    26    -  Mar.    9  -  10.208   atms. 

Mean   barometric  pressure    Feb.    26    -  Mar.    9  -  0.992   atms. 

Mean   osmotic    pressure    F^>b.    26    -   Mar  9  -  9.216    atms. 

Me.tn   ositotic   pressure    for  experiments   1    and    2  -  9.208    atms. 

Ratio   of   osmotic   to    gas    pressure  -  .997, 
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TABLE         XII, 


0.5   V/T.    NORMAL    SOLUTION    AT   10°.      CALCl'I.ATED  GAS   PRESSURE.    11.541. 


Exparlaent    1.      Cell  4^,         Resistance    of   membrane,    1,100,000   ohma. 
ii«»nometer,    35.         Time    setting  up   call  Ma.rch    1,    1914.  Barometer 

during   flnt-l    record:        Max.,    1.015;   Mln. ,    ,983.        Initial   pressure 
12.426.        Obsojrvvd   mein  daily   total   pnnsjures    aftsr    cell    became    constant, 

FINAL    RECORD. 


15th  day,  12.622  atras.  19th   day,    12,600  atms.  22nd   day,  12.627    atma. 

16th      "  12,615        "  20th      ♦«        12.626  •«  23rd      "  12,612 

17tn      "  12.600        "  2l3t      "        12.635  "  24th      "  12.622 

18xh      "  12.587         " 


Mean   of  all    dally    presaures  Mar.    15-24  -  12,614   atma. 

Mean   barometric    pressure   Mar.    15-24  -  1.002   attfta. 

Mean   osmotic    pressure   Mar.    15-24  -  11.612    atms. 

Ratio    osmotic   to    gas    pressure  -  1.006. 


(22) 


TABLE        XIII. 

0»1   WT.    NORMAL    SOLUTION    AT   20°.       CAL^JLATED   GAS   PllESSURE.    2,390. 

Experiment    1.      Cell  U-6.         Plesiatance   of  membrane,    366,666    ohms. 
Manometeir,    61,         Time    sotting   up    cell    Decwmber  17,    1913.        Barometer 
during  finnl    record:        Max.,    1.017;   Uin.,    ,978.  Initial    pressure 

3.443.  Observed   mean   dally   total   prbsaun.a    after    cell   beca.me    conetait 

FINAL    RECORD. 

20th  day,  3.406  atms.  24th  day,  3.376    atms.  28th  day,  3.388   atme. 

21at      "  3.400  "  25th  ••  3.376         "  29th      ••  3.389      " 

22nd      -  3.396  "  26th  "  3.380        "  30th      "  3.384      " 

23rd      "  3.377  "  27th  "  3.380 

Mean   of   all    daily    preeaursa    Jan.    5-15      -      3.367   atma. 
Me-n  baromstrlc  preaauire    Jan.    5-15  -      0,996    atma. 

iVean   oamotic   pressure    Jaji.    5-15  -      2.391   atma. 


TABLE        XIV. 


Ex^/erlment    2.      Cell   1-6.         Real  stance    of   membrane,    157,142   ohma. 
iianco-ter,    61.         Time    setting   up   call   January    15,     1914.        Barometer 
during  final    rvcord:        liax.  ,    1.008;   Mln.  ,    .982.         Initial   preasure 
3.386.  Obsynrod   maan   dally   total  preasurea   after    cell   b-came    constant, 

FINAL         RECORD. 

2nd   day,    3.386    atms.  5th    day,    3.416    atma.  8th    day,    3.358   atma, 

3rd      "         3.367         "  6th      "        3.395         "  9th      "        3.399 

4th      "         3.446         "  7th      "         3.373         "  10th      "        3.386         " 

liean   of    all   daily    preasures   Jan.    Ifi    -  24                             -  3.391    ntma. 

jita.li   barometric   preasure    Jan.    16-24  -  0.994    atma. 

Mean   osmetic  pressur-*    Jan.    16-24  -  2.397    atma. 

Mean   osmotic    pressure    for  experiments  1    and    2                 -  2.394    atms. 

Ratio    of   oamotic   to    gas    prtiaaure  -  1.001, 
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TABLE        XV. 

0«2   WT.    NORMAL   SOLUTION    AT   20°.      CALCULATED   GAS    PRESSURE.    4.780. 

Ext:arlment    1.      Cell  M-6.         Realatance    of   membrane,    550,000   ohms. 
Manometer,    34.         Time    setting   up    cell    December  17,     1513.         Baromrjter 
during    final    rdcord:        Llax.  ,    1,005;   Min.  ,    ,978.        Initial  pressure 
5,866.        Observed   mean  dally   total  pressures   after   cell   became    constant, 

FINAL    RECORD 

14th    day,  5.822  atms.  IBth   day,    5.769  litms.  22nd   day,  5.746    atms. 

15th      "  5,806        "  19th      "        5.759        "  23rd      ••  5.764 

16th      "  5.797        ••  20th      "        5.756         "  24th      "  5.754 

17th      "  5,780        "  2l3t      "        5,743        " 

Mean   of  all   dally    pressures    Dec.    30   -   Jan.    9      -      5,722   atms. 
Mean  barometric  pressure    Dec.    30  -   Jan,    9  -      0,994    stms. 

Mean   osmotic   pressure    Dec.    3C   -   Jan,    9  -      4,778   atms. 


TABLE        XVI. 


Experiment  2«  Cell  P-6,  Resistance  of  membrane  366,666  ohms. 
Manometer,  34.  Time  setting  up  cell  January  9,  1914,  Barometer 
during  final  record:  Max.,  1,017;  ilin.  ,  ,982.  Initial  pressure 
5,908.        Observed   mean  daily  total  pressures   after    cell    b^-came    constant. 

FINAL    RECORD. 

4th  day,  5.812  atms.           Sth    day,  5,766  itms.  12th    duv ,  5,774   :.tm3. 

5th      ••  5.801        "               9th      "  5,757  "  13th      "  5.764      " 

«th     ••  5,792        "  10th     -  5,782  "  14th      "  5.765      " 

7th      "  5.781        "  11th      "  5,786 

Mean   of  all   daily    pressures    Jan.    12-22  -  5.7b0  atms. 

Mean   barometric  pressure    Jan.    12    -   22  -  0,997   atms, 

iiean   osmotic    pressure    Jan.    12-22  -  4.783   atms. 

Mean   osmetic    pressure    for   experiments    1    nnd   2  -  4,780   atms. 

Ratio    of   osmotic  to    gas   pressure  -  1.000, 


(:^4) 


TABLE        XVII. 

0.3      WT,    NO  \^ hL    solution    AT   20° «       CALCULATED   GAS    PRESSURE.    7.170. 

ExpjriiEent    1«      Call  0-6.       Resi  atancs    of   membrane,    366,666    ohms. 
Miiiomotar,  32.      Time    setting   up    cell   Nov.iniber  29,    I'^IS.      Birometbr 
during   fin«xl    record:        Max.,    1.009}   Win.,    .981.         Initial   pressure 
6.584»        Observed    mi>a.n   daily   total   pressures   after    cell   b-^came    constant. 

FINAL        RECORD. 

30th   day,  8.288    aims.  34th  day,  8.156  atms.  37th    day,  l.147    atms. 

3l8t      "  8.170        "  35th      "  8.152  -  38th      "  8.140        •• 

32nd      "  8.175        "  36th      "  8.150  "  39tb     "  8.128 

33rd      -  8.167 

Ue^n   of   all    dally    pressures    Dec.    28   -   Jan.    6      -      8.167   atms, 
Maan  barometric  pressure    Dec.    28    -   Jan.    6  -      0,998   atms. 

iiein  osmotic   prfcssuro    Dec.    28   -   Jan.    6  -      7.169    atms. 


TABLE        XVIII. 


Exj^oriment    2.      Cell   G-6.         Reslstince   of   membrane    275,000   ohms, 
lianomater,    35,        Time    setting  up   cell  NoVf^itber  29,    1313.  Barometer 

during  final    record:        Max.,    1.007^      Min.,    .992.         Initial  pressure 
7.743.        Observed   mean  daily   total  pressures    after  cell  became    constant. 

FINAL    RECORD. 

18th  dav,  8.235    atms.  22  nd  day,  8.168   at  its. 

19th  ""  8.195         "  23rd  "  8.144        " 

20th  ••  6.132        "  24th  "  8.203 

21  at  "  8.222 

jneun  of  all   dally    pressures    Dec.    16    -   2E 
Moan   barcn-ctrlc    pressure    Dec.    16    -  25 
Uean   osmotic    pressure    Dec.    16    -    25 
Uean   oscotic   pressure    for  experiments    1 
Patlc    of   osmetic    to    gas    pressure 


25th 

da-. 

',    8.212    atms 

26xh 

n 

8.2?1        - 

27th 

" 

8.184 

. 

8,192   atms. 

- 

0.999    utrs. 

- 

7.193    fctD.s. 

-.d    2 

- 

7.181   atrrs. 

- 

1,001. 
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TABLE 


xi:(. 


0.4   WT.    NOfJ^IAL   SOMi'ilor   A' 


CALCUI,ATi;;D   GAS    PRESSURE, 


Experiment    1,         Cell  G-6 .         R»i3lartance   of  mciinbrine,    550,000   ohms, 
ilancaiate  r,    34.        Time    setting  up   csll  October  30,    1913.       Bar.^mBter 
during   fMial    rboord:        kux. ,    1.011;  li'n.,    .964,         Iriitiui   pressure 
11.376.  Oba«rv«d   nrean  dwlly   tox«l   pressures    after  cell  becarre    constant, 


I-L 

i\  A  J- 

RECORD. 

12th 

cay. 

10.634 

at  IDS. 

16th 

day,    10.597    atms. 

20th 

day. 

10.594 

atms 

13th 

" 

10.661 

" 

17Th 

"        10.578 

21st 

»i 

10.630 

n 

14th 

•• 

10.636 

" 

18tn 

"        1C.575 

2  2  fid 

«f 

10.6  39 

« 

15th 

" 

10.624 

M 

I9xh 

10.553        " 

23rd 

•• 

10.647 

" 

Mean  of  all   dally    pressures   Nov.    10-21        -   10,614   atcs. 
Mean    barometric  pressure    Nov.    10   -  21  -     1.001  atms. 

Mean  osmetic   pressure   Nov.    10-21  -     9.613   atms. 


TABLE 


Expt^rlment   2.         Cell    Q-6.         Resisttnce   of  membrane    550,000   ohms, 
Menoir.eter,    41.  Time    setting  up    cell    Decerrber   3,    1913.         Barom^'ter 

during   fln5il   record:        Max.,    l.Ollj   Min,,    .985,         Initial  pressure 
9.171.  Observed   meiin  daily  total    pressurts  after  cell  becaii,e    constant 

FINAL        RECORD  .. 


5th  day,  10.571  atms. 

6th      "  10.541        •• 

7th      "  10.545 

6th      "  10.551 


9th   day,    10,550  atts, 
10th     "        10.546        " 
11th      "        10.578        " 


12 ch   day,    10.598    j-tms. 
13xh      ••        10.616        " 
14th      "        10.634        " 


Mean  of   all    dally    prbsaures    Dec.    7-16  -   10.573    atms. 

Mean  baroiretric    pressure    Drc,    7-16  -      1.001   atms. 

Mean  osmetic   pressure    Dec.    7-16  -     9.572   atms. 


(26) 


TABLE        XXI, 


Exp  «;ri  cent    3.         Cell   H-6,         Resistance    of    meir.t  rt^ne  ,    366,666    ohms. 
Mdnon:et<!ir,    40.  Time    setting   up    cell   Dec&aber  2,    l';)13.        Baromf.ter 

during    t\ntxl    record:  Max.,    1,005;   Mln.,    ,982.         Initial   pressure 

8,464.        Observed   iresn  dally   total   pressures   after   cell   became    constant, 

FINAL  RECORD. 

28th  day,  10,451   ptas,  32nd   day,  10,539  atrcs,  35th  day,  10.542   atms, 

29th  ••  10.463        "  33rd      "  10.537  ••  36th  "  10.546         •• 

30xh  ••  10.509        "  34th      "  10.544  "  37th      "  10.549 

3l8t  "  10.513         " 

Mean   of   all    dally    pressures    Dec.    29    -    Jan.    7  -  10.521   atrr.s. 

Mean   bsronietrlc   pressure    Dec.    29    -    Jan.    7  -  0,997  atms. 

Uejin  osD.otJc   pressure    Dec.    29    -   Jan.    7  -  9.524   atms. 

ik^ean   osmotic   pressure    for  experiments    1   and    2  -  9.569    atms. 

Ratio   of   osmetic   to    gas  pressure  -  1.001, 
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TABLE         XXII. 

0.5   WT.    NORMAL   SOLUTION   AT    2Q^,       CALCULATKD   GAS  PRESSURK.    11.950. 

Experiment    1.      Cell   0-6.         Resietince   of   meicbrtne,    1,100,000   ohms, 

banometer,    35.        Time    setting  up   cell  October   29,  1313.        Barometer 

during    final    record:         Uax.  ,    1.011;    Min.  ,    »965»  Inltittl   pressure 
11.652.         Observed    maun   dally    total   pressures   after  cell   becanr.e    conet&nt. 

FINAL  RECORD. 

12th    day,    12.944    atirs.         17th    dey,    12.956    atms.  2lBt    day,    12.911   atma. 

13th      "        12.945         "             18th      "         12.897         •«  22nd      "         12.946 

14th      "        12.916         "             19th      "        12.892         "  23rd      "         12.963 

15th      "        12.921         "             20th      "        12.873        "  24th      "        12.971 
16th      "        12.910        " 

Mean    of  all    dally    pressures   Nov.    9-21        -  12,927   atms. 

Mean  barometric   pressure   Nov.    9-21               -  0.998    atms, 

liean   osmotic    pressure    Nov.    9-21                      -  11.929    ftms. 


TABLE        XXIII, 


Experiment    2.      Cell   S-6.         Resistance    of   membrane,    366,666    ohms. 
Manometer,    36.        Time   setting  up    cell  November  17,    1913.        Barometer 
during   final    record:        ilax. ,    1.013J   Min.,    .985.         Initial   pressure 
14.671,  Observed    mean   dally  total    pressures   after   cell   b=carre    constai 

F    I    i:   A   L  RECORD. 

14th   dsy,  13.017  ..tirs.  18th  di:y,  12.990    atms.  21st  da",  12.980    atms. 

15th      "  12.989      "  19th  "  12.995         "  22Rd  "  12.965      " 

16th      "  13.002      "  2Cth  -  13.007         "  23rd  "  12.983      " 

17th      -  12.993      " 

Mean  o  f  all   dally    preaaures   Nov.    30   -    D«c.    9  -  12.992   atms. 

Mean   barometric    pressure    Nov.    30   -   Dec.    9  -  1.001   atr-s. 

kean  osmetic   pressure   Nov.    30   -   Dec.    2  -  11.991   strrs. 

ilean  osmetic   pressure    for   exi.erlmer.ts    1  and   2  -  11.960   atir.s. 

Ratio    of   osmotic   to    gas    pregsure  -  1.001, 


(2A) 


TABLE         XXIV. 

0.1   WT.    NOHMAL    SOLUTION    AT    30'^«       CALCULATED  GAS   PRESSURE.    2.472, 

Exparlmenc    1«         Cell  0-6.      ResistincH    of   m«mbran<»,    550,000   ohms. 
Minometer,    11.         Tlok,    setting   up    cellUnrch    17,    1913.         Barometer 
during   ftnal    record:        Max.,    1.014;   Win.,    .997.         Inlilil   pressure 
3.736.        Observed   mis<tn   dully    total   prosjures   after   cell   b«)Cume    constant. 

FINAL         RECORD 


17th  day, 

3.530    atms. 

2l3t    duy. 

3.476 

iltXS. 

25th   day, 

3.461   at 

13th      •• 

3.519        " 

22nd      - 

3.470 

M 

26th      - 

3.455 

19th      " 

3.531 

23rd      " 

3.468 

" 

27th      " 

3.450 

20xh      " 

3.499 

24th      " 

3.465 

M 

de:xn   of    all    dnily    pressures    April    2-12         -      3.484    atms. 
Mean   barometric   pressure    April  2-12  -      1.005    itms, 

Mgan   osmotic    pressure    April   2-   12  -      2.479    atms. 


TABLE        XXV. 


Experiment  2.  Cell  Q-6 .  Resistance  of  merabrane,  366,666  ohms. 
Manometar,  9."*  Time  setting  up  cell  April  30,  1013.  Barometer 
during    final   record:  Jiax,  ,    1.004;    M-n.,    .990.  Initial   pressure 

3.790.        Observed   mean   dally   total   pressures    after  cell   b-^cnme    constant, 

FINAL        RECORD. 

20th    day,    3.415    atms.         23rd   day,    3.481    itirs.         26th    day,    3.467   atms. 
2l3t      "         3.422         "  24th      "        3.431         "  27th      -        3.438         " 

22nd      *        3.414        -  25th      -        3.512        "  28th      "        3.507 

Mean   of    all   daily   pressures  May    19-28  -  3.454    itms. 

Mean   b.rom-jtnc    pressure    May    19-28  -  0.996    atms. 

Mean    osmotic    pressure    iiay    19-28  -  2.458   atms. 

Mean   osmotic    pressure    for  exi)eriment3  1  and   2           -  2.469    atms. 

Riti.    cf   osmotic   to    g  .3    pr^issure  -  .999. 


(29) 


TABLE        XXVI. 

0«2      WT.    mmM.    SOLUTION    AT   30^,       CALCULATED   GAS    PRESSU_HE,    4,943. 

Experiment    1»       Cell    K-6.         Resistance    of   mombrane,    122,222    ohms. 
U&ncreter,     32.  Time    aett.'ngup    c«ll    February    19,     1913.  Barometer 

dur'»,g    fliidl     record:        Uax.  ,    1.027;   Mln.,    ,977.         Inltlil    pressure 
6.943.         Observed   mean   daily    total    pressures    <aft<»r   coll    becace    constant. 

FINAL        RECORD 

28th  day,  5.996    atms.  32nd    day,  5.946  ntno.  3eth  dav ,  5.941   atrrs. 

2Sth      ••  5.958        "  33rd      "  5.947        "  37th      "  5.936         " 

30th      "  5.952         "  34th      "  5.944         "  38th      "  5.956 

31st      "  5.951         "  35th      "  5.942         "  39T.h      "  5.955         " 

Ueasi  of    all   daily   pressuros  March   18-29        -        5.952   atms, 
iLet^n   btromet  ric    pressure   March   18-29  -        1.006   atma. 

Uea.n   osmotic   pressure   iiarch   18-29  -        4.946    atms. 


TAB   L   E        XXVII. 


Experiment    2.  Cell   0-6.         Resistance    of   membrane,    110,000   ohms, 

ManoBittwr,    22.  Time    setting   up    cell  Ap  ri  j    16,    1913.  Barometer 

during  f  int.l   record:  Max.,    1.004;   Min. ,    ,992.         Initial   pressure 

7.409.        Observed   mean   daily   total  pressures   after   cell  becaice    constant, 

FINAL    RECORD. 

29th  day,  5.966  atms.  33rd    day,  5.945   atins. 

30th  "  5.922  "  34th      "  5.967        - 

3l3t  "  5.916  "  35th      "  5.939 

32nd  "  5.950 

Mean  of    al]    daily    pressures   May    14    -   23 

Mean   baromttrlc   pressure   L'ay    14   -   23 

Mean   oeniotJC    pressure   May    14    -  23 

Mean   csnrxtJc    pressure    for  experiments    1    wrd  2 

Ratio    of   osmotic   to    g^s   pressure 


36th 

day. 

5.952 

atms, 

37th 

5.915 

H 

38th 

" 

5.907 

It 

. 

5.938 

at  ms . 

- 

0.998 

atms, 

- 

4.940 

atms. 

id  2 

- 

4.942 

utms 

- 

1.000. 
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TABLE        XXVI II, 


CaLCULATZP   gas   pressure.    7.415. 


Exirerlmtnt    1»      Cell   K-6.         Rflsietuncc    of   ffieitbrune,    550, OGG    ohmB. 
Kanorneter,    44.         Time    setting   up   cell    January    24,    1";)13.         Baromfit  er 
during   fin&l    record:        max.,    1,009$   Min.,    .987.         Initial   prtsaaure 
12.657.      Observed   oeun   doily    total    presaures   after   cell   beccinie    cof-sttint. 

F   I    IC    A  L        RECORD 


23rd 

day, 

e.440 

at  .13. 

28th 

day, 

8.456   atms. 

32  nd 

day. 

8.435 

atm: 

24th 

" 

6.429 

n 

29th 

8.474 

33rd 

n 

8,443 

w 

25tli 

" 

8.44C 

" 

30th 

" 

8.334        •' 

34th 

" 

6.437 

« 

26th 

" 

6.446 

It 

31  8t 

« 

8.381 

35th 

•' 

8.434 

M 

27th 

" 

8.445 

" 

Mean   cf    all    dally    pressures    Feb.    15-28        -      8.432    atnis. 
Mean    bdromotrjc    pressure    F-b,    15-28  -      0,998   atms. 

Mean  osmotic   pressure    Feb.    15   -  28  -     7,434   atnr«. 


TABLE        XXIX. 


Experiment  2.        Cell  G-6  Resistance   of   membrane,    366,666    ohms, 

IJanocetcr,    37.        Time    setting  up    cell  Febru-rj'    13»    1913.        Biromoter 
durJng   fin&l    redord:        Max.,    LGllj  Min. ,    ,986,        Initial   pressure 
9.196.        Obscnred   mean  dally   total   pressures    ?ttf:r  cell   becane    ccnstant. 

FINAL        RECORD. 

20th  day,  8.449    atics.  24th  day,  8,429    utrr.s,  27th  day,  8.411    atir.s. 

21st  "  8.444        "  25th      "  8,424        "  26th  "  8.416 

22nd  "  6,435         "  2eth      "  6,419         "  29th  "  8.413 

23rd  "  8.438        " 

iieun   of   all    dally   prossures   U^r.    4-    14  -  8.428    ..tn.s, 

Mean   barometric   pressure   U&r,    4-14  -  1.002    iitrrs. 

Mean   osmotic   pree  -u  re   Mar.    4-14  -  7.426    ^trns, 

Lean   osmetic    pressure    fo  r  experiments    1  and   2    -  7.430   atrs. 

Ratio    of   osmotic   to    ^s   pressure  -  1,002. 


(31) 


TABLE        XXX. 

0.4    .VT.    NOPJJAL   SOLUTICr;    AT    30° «       CALCULATED   GAS    PFJSSURE.    9.886. 

Experiment    1.         Coll   B-d.  Real  stun-^e    of   mer.br^r.e,    1,100,000    ohirs. 

Lianometer,    32.         Tlmt'    settwit  u  t    cell    January    17,     ib  13  B^rccctcr 

during  flnul    record:         l.Iax.  ,     1,018;    kin.,    .982.         Initial   pressure 
12.692.         Obaenred   mean    delly   totfil   pressures   aft»r   cell   becane    constant, 

FINAL         RECORD. 

11th  day,  10.680  atir.s.  15th  day,  10.779    atn.s,  19th  day,  10.749    iitiEs. 

12th  "  10.663  "  16th  "  10.762        "  20th  "  10.753 

13th  "  lu.855  "  17th  "  10.773         "  21st  "  10.738 

14th  "  10.818  "  18th  "  10.719         "  22iid  "  10.732         " 

Uean   of    all   dajly    pressures    Jan.    27    -   Feb  .    7        -      10. GOO  atma. 
Mean  bdrometric    /.ressure   Jan.    27-   Feb.    7  -        0.997   atms, 

liean   oamctic    pressure    Jan.    27    -    Feb.    7  -        9.803   atrr.s. 


TABLE        XXII. 


Experiment    2.  Cell   Q-6.         ResJstcince    of   membrane,    275,000   ohirs. 

Llanometer,    30.         T*me    setting   up    cell   January    20,    1913.         -aromfcter 
during    final    record:         M..ix.,    1.018  j   Kin.,     .982.         Inltlf.1    pressure 
11,550,         Observed    mejin   dally   total   pressures    ^fter  cell  becare    constant, 

FINAL  R  £    C  0    R  D  . 

7th  day,  10.990  vta.B.  12th    day,  10.938  itcrfl.  16th  day,  10.928   atirs. 

eth  "  10.964  "  13th      "  10.944  "  17th      "  10.919         " 

9th  "  10.9e8  "  14th      "  10.949  "  18th      '"  10.923 

iOth  "  lu.967  "  15th      "  10.911  "  19th      "  10.919 

11th  "  10.953 

Uean    of    all    daily    fressurfs    Jan.    26    -    Feb.    7         -      10.946    .-itms. 
Uean  barometric   pn.ssure    Jan.    26    -    Feb.    7  -        0.997   t-tms. 

Mean  osmetic    pressure    Jan.    26    -   Feb.    7  -        9.949    atcs. 


(82) 


TAB    L    E         XX/II 


Experin-.crit    3,,         Cell   S-e.         R..3istance    of    membmnti,    550,000    ohns. 
ilanomcter,    36.         Time    setting    up    eel]    Ai  rll    16,    1913.  D. remoter 

during    final   record:  tlux.  ,    l.OOOj   liln.,    ,989,  Initial    j-rosaure 

12,623.         Observed   mean   dally    tot^il    pressun-s    after   cell    bec-n.e    constant. 

FINAL        RKCORD. 

Seth   day,    10.929    atms.         41st    day,    10,965    atms.         44th    dey,    1C,825    strts. 
39th      "        10.891        "  42nd      "        10.817         "  45th      "        lu.e23 

40th     ••        10.966        "  43rd      "        10.812        "  46th      "        10. tr?        " 

Mean   of   all    dallv    pressures   May    23-31  -  10.875   atn.8. 

Mean  barorr.etrlc    pressurf   May    23-31  -  0.993    atms. 

Mean   ositotic    pressure   May    23-31  -  9.882    ^tire. 

Mean   csitctic    pr"Ssure    for  experiments    1    and   2  -  9.878    attrs, 

Raticn   of    osirctlc    to    g-s    pressure  -  .999. 


day, 

1?.383 

tit  ITS 

F    I 

NAL        RECORD. 

3l8t 

36th    aay,    13.255    .>t  rrs . 

32nd 

" 

13.346 

" 

37th      "         13.220        " 

33rd 

M 

13.376 

It 

36th      "         15.209 

34th 

" 

13,352 

•• 

39th      "        13.336        " 

35th 

f« 

1?.544 

" 
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T    A    B    L    K         XXXIII. 

0.5    WT.    MOKMAL   SGLUTIOK    AT  ^SO^.         CALCULATED   GAS    PFilSGUta.    12.358. 

Experiment    1«         Cell   G-6.         Resistance    of    meir.br-ne,    550,000   ohira. 
i^ianometer,    34.         Time    setting  up    cell  Uarch   1'^,     1913.         Barometer 
dur:  r.g  fin:.l    rocord:        Max.,    1.016;   kin.,    .985.         Initial   pressure 
11.187.  Ob3<;  rVtfd    mean   dally   total    pressurt-s    8.fter  ct>ll    become    constant 


40th  aay,  13.275    atrrs, 

41at  "  13.270         •• 

42rd  "  13.307         " 

43rd  "  13.319 


Mea.n    of  all    dally    pressures   April   16   -  May    1        -        13.326    atme. 
lie.ijfi    barorr.otrlc    pressure    April    16    -  May    1  -  1.000    '^tiES. 

iiean    csKctic   p  rss  su  ns    April   18   -  May    1  -        12.326    attns. 


T    ABLE        XXXIV. 


Experiment    2.         Cell   C-6.         Rssistunc©   of   mecbrane,    275,000   ohms. 
Wanometcr,    37.         Tin*    setting   up    cell   Aprill6,    1913.         B.rometer 
during  final     record:         -ax.,    1.008;   Win.,     .993.         Inlt  Itl   p  ressu  re 
14.596.  Observed    moan   dfcilly    total   pressures    after   cell    bec.irr.e    constant 

FIKAL  RECORD. 

16th  day,  13.406    atrra.  2l8t  day,  13.361   atrrs.  25th   dav,  13.530    atns. 

17th      "  13.321        "  22nd  "  13.437         -  26th      "  13.365 

18th      ••  13.251         "  23rd  "  13.423         -  27th      "  13.367 

19th      "  13.311         "  24th  "  13.400        "  28th      "  13.279 

20th      "  13.272         " 

Uean   of   all    diily    pressurts   Uay    1-14  -  13.365    atir.s. 

Mean   berom.etrlc   pressure  Uay    1-14  -  1.001   atc-.s. 

Kcc^n   osmotSc    pressure  May    1-14  -  12.364   atrre. 

Mean  osmotic    pressure    fo  r  experiments    1   and   ?  -  12.345   atms. 

Retio    of   oamot'.c    to    g  ■»    prt^ssure  -  .998. 


(34) 


T    A   B   L   >'        XXXV. 

0«1      WT.    NO  lUAL    SOLUTION    AT   40^.  PAT.CUT.ATFD   GAS    PPJ.SSUHF.    2.553. 

Experiment    1.         Cell    S-6.  Realst^nre    cf    n.on.br.rie    275,000    ohtca. 

Uanometer,    61.         Time     setting   up    cell  Mtirch    14,    l2l4.  B,.  rcmntwr 

durir.g    fjnal    record:  Max.,    1.004  i   liin.  ,     .986.         Initial    preaaur* 

3.160.         Obasrved   meo^n  dally   tot^l   prfsaurea   after  cell   became    constant, 

FINAL    RECORD. 


35th    day,    3.563    atrrs.         37th    day,    3.550   tttms.         39th    doy,    3.551    atrcs, 
36th      "         3.56C        "  38th      "         3.544 


Mean   of   all   dally    prcBsures   April    17-21  -  3.554   atma, 

Mean   barometric   pressure   April    17-21  -  0.997   atiris, 

Me«n   osmetic   pressure    April    17-21  -  2.557    atois, 

Rdtlc    of    osir.otic   to    gvs    i  resaur*  -  l.COl, 


(8») 


T    A    b    L    K         XXXVI. 

0.2    WT.    iN'OH^AL    SULUTICN    AT    40^.         CALCULATED    GAS    PRESGUr-a-'.    5.107. 

F.xperiment    1.       Cell   C-6.         Kes!  stance    of    Bwrnbriine,     366,66  6    ohms. 
Uanccetor,    37.         Time    setting    up    cell  hl.'irch    16,     1'-j14.  Barom^-ter 

during    final     i«cordi  Uhx.  ,    1.006j   Min.,     .985.         Initi-,1    pn^aeure 

6.327.         Observed    meo-n    dally    tot.il    pressures    j.fter   cell   becarre    constant 

FINAL         R   K    C   0    H   D   . 

22nd  dav,  6.157  atns.  26th  day,    6.094  atrs.  29th    day,  6.070   atirs, 

?3rtl      "■  6.143         "  27tk  "        6.095  "  30th      "  6.082 

24th      "  6.116         "  28th  "        6.078  "  3l3t      "  6.077        " 

25th      "  6.093         " 

Ueetn   of   all   daily    pressures   Aprjl   6    -   If-        -      6.101   atme, 
Mean   baronr.etric   pressure    Ap  rl  1   6    -   15  -      J. 998   atms. 

kbar«  osaotic    pressure   April   6    -   15  -      5*103   atmsa 


TABLE        XXXVII. 


ExFerlment    2.       Cell    Q-6.  Resistance    of    membranfl,    157.142    ohrre. 

Manoaeter,    40.         Time   setting    u^.    cell  March    16,     1914.         Barometer 
during    final    record:  Max.,    l.Ollj  Min.,    .985.        Initial   pressure 

5.992.         Observed    mean    daily    total    pressures    aft--r  cell    bece.ne    constant. 

FINAL        RECORD. 

12th  day,  6.155    atr.s,  17th    day,  6.091    atms.  21st  day,  6.1^2    atrrs. 

13th      "  6.148         "  18th      "  6.078      "  "2n.-i      "  6.111      " 

14th      "  6.134         "  19th      "  6.110      "  23rd      "  6.091      " 

15th      "  6.i:-t2         "  20th      "  6.105      "  24th      "  6.C56      " 

16th      "  6.101 

Mean   of   all    oaily    pres  :ure3  Mar.    27    -    Ap  ril   8  -  6.11C   atirs. 

Mean   barometric   prosiure   Mar.    27,    -   April   6  -  0.999    atr.s. 

Mean    osmetic    pressure   iSar.    27    -   April   8  -  5.111    utms. 

Mean   osmetic   pressure    fo  r  experiments    1    and   2  -  5.107    atc.e. 

Ratlc    of    osmetic    to    gas    pressure  -  l.OOO. 


(36) 


T    A   B  L  F        XXXVIII. 

^Jtl      WT.    NOHtAAL    SOLUTICK    AT    40° «       CAI.CbLATi'.D    GAS    PRKSSUHK.    7.66  0. 

Experiment    1.         Cell    C-6.         Ro8Jst„nce    of    iii«ii.b  rar* ,    110,000    ohrr.s. 
ManoEetor,    44.         Time    setting   up    coll    Deceir.ber    3,    1'j13.         B.>rcn,..ter 
during    final    rircord:         Max.,    1.017}   Win.,    .988.         Initial    ^resaur* 
8.r.ll.  Observed    neun   daily    total   prtjasures   aftor    cell    became    constant* 

FIKAL         RECCRD. 

40th    day,    8.606    atms.         43rd    day,    8.671    attr^s,         46th    day,    8.715    atir.a. 
4lBt       "        8.640         "  44th      "        8,652         "  47th      "        8.719         •• 

42nd      "        8.677         "  45th      "        8.644         "  48th      "        8.668         " 

Mean   of    all   daily    pressures    Jan.    11-19  -      8.663    atrra. 

Mean   bsroiretric    pressure    Jan.    11-19  -      C.999    atms. 

Mean   osmetic    pressure    Jan.    3  1-19  -      7.664    atrrs. 


TABLE        XXXIX. 


Experiment    2«         Cell   T-6 .      Resistance   of   aeir.brsne,    84,615    ohms. 
Mancrceter,    43.  Time    setting   up    cell   April    21,    1.14.         Barometer 

during    final    r.^'Cord:        Max.,    1.002;   ii  ^  n.  ,     .982.         Inlti&l   pressure 
11.426.         Observed   meun   daily   total    pressurHS    ifter    cell   bucute    constant, 

FINAL         RECORD. 

10th    day,    8.727    atms,         13th    dav,    6.659    atms.         15th    i-y ,    8.609    atms. 
11th      "        8.723         "  14th      -        8.638         "  16 1  h      "        8.592 

12xh      "        8.665        " 

Mean  of    all    daily   pressures   April   30   -  May    6  -  B.659    atr.s. 

Mean   barometric    pressure    April   30    -  May    6  -  0.995    atme. 

i'ean   osmotic   pressure    April    30   -  May   6  -  7.664    atms. 

Mean  osmotic   presaure    for  experlmbnts   1   and   2  -  7.664   atms. 

Pfitic    of    osr.otlc   to    gis    pressure  -  1.000. 


(87) 


T    A   B   L   n        \L, 


0.4      WT.    NOFMAL    SOLUTION   AT    40 


CALCUI.AT.-D   GAS    PPJiSSUi-li:. 


Expfarlment    1.         Cell    F-6 ,  i-aaiatance    of   meabrene,    55,000   ohos. 

litnoceter,    37.  T'lne    setting   up    cell    Dfcembor   17,    1,13.         Barciri«tfcr 

during   f  inc.1    record:  Max.,    1.005;   Mln.  ,    .982.         Initial    pr»S'.ur» 

11.909.         ObserVfd   me^in    duily    total    pressurva    after   cell    b«c.me    constant 


FINAL 


RECORD 


15lh   dc»y,    11.249    atiiis.         19th    dtiy,  11.163    atr.s.  22nd  day,    11.166    atms, 

16th      "         11.227         "             20th      "  11.123        "  23rj  "        11.136         " 

ITth      "        11,169         ••             2l3x      "  11.158        "  24th  "        11.256         «• 
16th      "        11.291 

Mean   of    all   daily    pressures    Dec.    31    -    Jan.    9         -  11.194    atms. 

iylean   bdromstric    pressure    Dec,  31  -   Jan.    9  -          J.993   atm». 

kean  osmotic    pressure    Doc,    31  -   Jan.    9  -  10.201   atms. 


TABLE        XLI. 


Experiment    2 
ilanoiret  er ,    41. 
during   final    record: 
16.856. 


Cell    C-6.      R83ist::nc(i   of  n-'^mh  nne ,    110,000   ohca. 
Time    setting  up    cell    February    7,    1914.  Earoireter 

.,.jrd:  Max.,    LOlljUin.,     .985.         I  nit  lal   p  ressure 

Obssrved   irean    dally   tot  si    pr^^ssures    after   cell   becwre    constant 


F   I    N   A 


R  E    C   0    R   D. 


5  3rd    day, 
54th      " 
5  bt  h     " 


11.287  eti 
11.279  " 
11.241      " 


56th   dav 
57th      " 
58th      " 


11.238   atras. 
11.237 
11.221        " 


59th   day,    11.215    atr.s. 
60th      "        11.168        * 
6lBt      "        11.150 


Mean   of    all    daily    pressures   liar.    31    -   A    r.    8 
.Mean   ba.roiretrJc    pressure   Mar.    31   -   Apr,    8 
Mean    osmetic    pressure    «.-.  r.    31   -   A,  r.    8 
Mean  osmotic    pressure    for  experiments    1   and   2 
R«tJo   of   03B.otlc   to    gas    pressure 


-  11.228    atn-s, 

0.998    ■itrs. 

-  10,230    etirs, 

-  1(/.215    Btn.3, 

1.000. 
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T    A    B    L    E         XLII. 

0,5    V.'T.    mmAL    S  cm  TIG?:  _AT    40^.  CALCULATF.D   gas    pressure.    12.767. 

Expyr^ment    1«       Cell    K-6.         ridslet    nee    of    nieirbru.r.e ,    57,694    ohm*, 
Manoceter,    41.         Time    eettfng   up    cell    Deceirber  16,    1913.         Barometer 
during    final    r.cord:         Max.,    1.017;   Uln.  ,     ,987.         Initial   presiur* 
13.351.         Obsf.rved   mean   dally   total   preseures   after   cell   becacf*    conatunt, 

FINAL         RECORD. 

26th  day,  13,669  atrr.s,  30th  d2.y,  13.858    -tirs.  33rd    day,  13,773    atms, 

27th  "  13.601  "  31st      "  13.666         "  34th      "  13.874         " 

2eth  "  13.668  "  32nd      "  13.853         "  35th      "  13.852 

29th  "  13.667 

Mean    of    all   dally    pressures    Jan.    10-19  -      13.790    >.tnis. 

Mean   b<aroD.tttric    pressure    Jan.    10-19  -        0.996   atis, 

Utf  .n   osmotic    pressure    Jan.    10-    19  -      12.792    atms. 


TABLE        XLIII, 


Experiment    2»         Cell   F-6.         Realsto-noe   of   ttembr^.ne    55,000   ohms, 
iiiinocete  r,    30.         Time    setting   up    cell    February    7,    19  14.         B.^rometer 
during    final    rocord:        Max.,     1.006;    Man.,     .988.         Inltld    pr^'ssure 
19.623.         Obsenred  mean   daily    total   pressures   aft^r   cell   becare    constant 

FINAL         RECORD. 

26th   dav,  13.755  atr.s,  32nd    day,  13,830   atc.s, 

29th      "'  13,775         "  33rd      "  13.644 

30th      "  13,762         "  34th      "  13.830 

3l3t      "  13.812        "  35th      "  13.853        " 

Uean   of    all    daily    pressures  Mur,    6-16 

Mean    baron-etric    pressure    Mar.    6    -    l'^ 

li'ean    osmotic    pressure    ka  r.    6-16 

Mean   osmotic    pressure    for   experiments    1   and   2 

Ratio    of   osmetic    to    gas    pressure 


36th    1 

3av  ,    13.8  32    at  its 

37  th 

13.842 

38th 

"         13.816 

. 

13.814    fltrrs. 

- 

0.998    atrs. 

- 

12,816     ,tn3. 

- 

12.804    atms. 

- 

1,002. 

(19) 


T    A   B   L   F        XLIV. 


2*1     Hi    NORMAL    SOLUTIC.K  _AT    4_0° .       CALCULATED   GAS    PHESSURE.    15.3PO. 


Experiment    1«       Cell   B-6.         Resistance    of  m-^mbr.ine    '':>1,666    ohms. 
Manometer,    42.  T-'ne    setx.'ng    up    cell    January    9,    1914.  Bxrotret'ir 

during    flnul    record:  llax.  ,    1.019;   M'.n.,    .977.         InJtitl    pressure 

15.C62.         Observed   mean    daily   totsl    pressures   after   cell    b«Can.fe    constant. 

FINAL        R  £    CORD. 


26ih   day,  16.457  atr.s.  30th  day,  16.236  atma.  34th  d-iy,  16.331   atca. 

27th      "  le.290        "  31 3t      "  16,270  "  35th      "  16.253 

28xh      "  16.290        "  32nd      "  16.456  "  36th      "  16.328        " 

29th      "  16.285        "  33rd      "  13.364 


Mean   of   all   dally   pressures   Feb.    3-13  -  16.324    itns. 

Ueen  birofffttr*c   pressure    Feb.    3-13  -  1.005    atrrs. 

Uei.li    osrrotic    i^ressurt    Feb.    3-13  -  15.319     ttrs. 

Patio    of    osnotlc    to    gis    pressure  -  1.000. 


T    A   B   L    F        XLV. 
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0.1  0.2  0.3  C,4 


0.5 


TiiiP. 

MEAN 

os; 

^OTIC   PRES 

SU1£    IN    AI-iiOSPHtRES. 

lo'' 

2.314 

4.61U 

6.940 

9.208 

11. '■•14 

20° 

£.394 

4.780 

7.181 

9.569 

11.960 

30° 

2.469 

4.943 

7.430 

9.878 

12.345 

40« 

2.557 

5.107 

7.664 

10.215 

12.804 

0.6 


15.219 


TABL   £ XLVI. 


WEIGHT-NORMAL  CONCENTRATION. 

0.1                       0.2  0.3                       0.4 
TEMP.                          RATIO   OF  OSLIOTIC  TO    GAS    PRESSURE. 

10°              1.002                     .998  1.002                     .997 

20°              1.001                  1.000  1.001                  1.001 

30°                .999                  1,000  1.002                     .999 

40°              1.001                  1.000  1.000                  l.OUO 


0.5 

1.006 

1.001 

.998 

1.002 


0.6 
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DISCUSSION    OF  MEASUlvEwlKlJTS. 

Tables    V   to    XLIV    glv«    a    somawhttt    detull-^d    account    of    each 
experiment. 

Table   XLV   gives    for  each  of  the    concentrations  with  which   It   waa 
possible   to  work   the    osmotic    preaaurea   which   h^ive    been    found    at    10°, 

0  0  0 

20    ,    30      and   40    . 

Table    XLVI    9ho*8   the    ratlc    of  the    oarr.otJc    j.  reaaures    given    In 
Table    XLV  to   the    calculated    gas   presaures    of   the    solute. 

CONCLUSIONS. 

The    conclusions   wnich    can  be    drawn   frocn  Table    XLVI    arei: 

1.  In   all   solutions    of    irannit  e   froui   0,1   to    0.6    *el  ght-nc  ruiel   the 
ratio    of   the    observed   osmetic   to   the   estimated    g-^a    preaaurt    of   t  ne 
solute    is    constant    and    unity    for  each    concentration   at    10    ,    20    ,    30 
and  40    •        This    i-rovt-s,    therefore,    that    between  the    spwclfled   limits    of 
concentration  and   temperature   the   osmotic   pressure   of   mannltt.    solutions 
obeys   both  the    lawa    of    Gay-Lussac    and   of   Boyle    for    r.  see. 

2.  If  a    aubstynce    exhibits   a  norc-l    molecular  depression  of   the 
freezing  point    It    appears    probable    from  the    experience    with   mannlta 
that    the    ratio    of    osmotic    to    g    s    pressures    will    be   unity    at    all   tenper- 
atures.         In   other   xo  rds    that  the   osmotic    presaun;    of    Its    solutlcr.a    will 
obey    the    laxs    of    Gay-Lussac    and   of   Boyle    for    z^aea. 

3.  By    use    of  the    we  1  ,Tht -normal    system   of   miking   up    solution*   the 
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•  quaticii   p    (v    — b)    =    K  T,    In   which    .ve    may    be    auppcswd   autocat  1  cal  ly    to 
correct    for  the    b,    hol-'S    not    only    for   dilute    but    al3c    for   more    concen- 
trated   sclutlcr.s.  Stattd    In  another  way    the    equation   of    Van't    Hoff 
for   Very    dilute    aolutlons    (pv   =   KT )    appeare   to    nold    also    for   concen- 
trated   solutions    of   lEannlte    1  f   we    allow   the    v   to    signify    not    the    voluae 
of   the    solution   but    that    of   the    free    solvent. 

The    osmotic    pressure   of    solutions   of   mannlte    will   be    n»xt    deter- 
mined  at    0      also   at   temperatures    us   much   above    4C      as    It    is    practicable 
to   work.        This   will  be    done    in   order  to    ascertain  whether   subetancee 
exhibiting  normal    depresslcns    of  the    freezing   points    miy    be    expected  to 
exhibit    osmotic    pressures    confcrmlng   under   all    cJ  rcurrstancbs   to   the 
gas    laws. 
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